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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a lightweight, 
small and high-performance projection optical system 
which have a wide angle of view and can acquire a high- 
definition projection image. 

SOLUTION: The projection optical system for rear 
projection to magnify and project a display image on a 
screen (SC) by using video light emitted almost in 
telecentric from a light valve (PA), is provided with a 
front group of negative power having aspherical surface 
(GrF), a prism (PR) to fold a light path on a reflection 
plane and a rear group (GrR) of positive power having an 
aspherical surface in order from the magnification 
conjugate side. A first lens and a second lens (G1) have 
negative power, and the rear group (GrR) has a lens of 
positive power consisting of an anomalous dispersion 
material. The center of the light valve (PA) is not 
positioned on the optical axis of the rear group (GrR), 
and the prism (PT) is disposed between the rear group 
and the light valve (PA). Furthermore, a conditional 




expression: 48<a><60, 3<D1/f<7, Vd>75, 0.52<(Ng-Nf)/(Nf-Nc)<0.56 is satisfied, wherein ©is the 
maximum viewing angle (° ), D1 is a halfway air length, f is the focal distance of the whole 
system, Vd is the Abbe's number of the anomalous dispersion material and Ng, Nf, and Nc are 
refractive indexes to g line, f line and c line of the anomalous dispersion material. 
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CLAIMS 



[Claim(s)] 

[Claim 1] An incident light study system for rear projections which carries out amplification projection of 
the display image on a screen with image light which is characterized by providing the following, and 
which was injected in an abbreviation tele cent rucksack from a light valve A pre group which has the 
aspheric surface and has negative power sequentially from an amplification conjugation side An 
optical-path bending means which bends an optical path in a reflector A back group which has the 
aspheric surface and has positive power Both the 1st lens by the side of amplification conjugation and 2nd 
lens following it that constitute a preparation and said pregroup have negative power most. Consist of an 
anomalous- scattering material, have positive PAWANZU in said back group, and a light valve center is 
not located on an optical axis of said back group. An incident light study system characterized by 
arranging a projection light preparation means to perform composition of separation or different colored 
light of illumination light and projection light between light valves, and filling following 
conditional-expression (1) - (4) further; 

48< omega<60 - (l)3<Dl/f< 7 --(2) Vd> 75 - (3)0.52<(Ng-N£)/(Nf-Nc)<0.56 (4) -4 Correct, omega: The 
maximum field angle (degree), Dl : Clinch air length (most air conversion optical path length [ Most a 
field by the side of cutback conjugation to a back group / A pre group ] to a field by the side of 
amplification conjugation), £ - a refractive index to a focal distance of the whole system, the Abbe 
number of Vd^anomalousscattering material, and g line of Ng:anomalous scattering material, a 
refractive index to f line of N£ anomalous- scattering material, and a refractive index to c line of 
Nc^ anomalous- scattering material - it comes out. 

[Claim 2] Furthermore, an incident light study system according to claim 1 characterized by filling the 
following conditional expression (5); 

- 0.5< ffa/fra<0.5 - (5) however a focal distance of a lens which has the aspheric surface of a ffa^pregroup, 
and a focal distance of a lens which has the aspheric surface of an after [ fra: ] group - it comes out. 
[Claim 3] A pre group which is the incident light study system for rear projections which carries out 
amplification projection of the display image on a screen with image light injected in an abbreviation tele 
cent rucksack from a light valve, has the aspheric surface and has negative power sequentially from an 
amplification conjugation side, A back group which has an optical-path bending means which bends an 
optical path in a reflector, and the aspheric surface, and has positive power, Both the 1st lens by the side 
of amplification conjugation and 2nd lens following it that constitute a preparation and said pre group 



have negative power most. An incident light study system characterized by not locating a light valve 
center on an optical axis of said back group, but arranging a projection light preparation means to 
perform composition of a separation or an optical path of illumination light and projection light between 
light valves, and filling the following conditional expression (l), (2), and (5) further; 

48< omega<60 - (l)3<Dl/f< 7 - (2)-0.5< -ffa/fra<0.5 (5) -6 Correct, omega: » maximum field angle 
(degree) Di:clinch air length (most air conversion optical path length [ Most a field by the side of cutback 
conjugation to a back group / A pre group ] to a field by the side of amplification conjugation), a focal 
distance of £ whole system, a focal distance of a lens which has the aspheric surface of a ffa^pre group, and 
a focal distance of a lens which has the aspheric surface of an after [ fra^ ] group - it comes out. 
[Claim 4] An incident light study system given in any 1 term of claims 1-3 characterized by furthermore 
having a condenser lens between said projection light preparation means and light valves. 
[Claim 5] An incident light study system given in any 1 term of claims 1-4 to which the aspheric surface 
which it has in said back group is characterized by thing of said back group most prepared in lenses other 
than a lens by the side of cutback conjugation. 

[Claim 6] An incident light study system given in any 1 term of claims 1-5 characterized by said both 1st 
lens and 2nd lens being meniscus lenses which have negative power. 

[Claim 7] An incident light study system given in any 1 term of claims 1-6 characterized by a lens which 
has said aspheric surface being a plastic lens. 

[Claim 8] An incident light study system given in any 1 term of claims 1-7 characterized by an optical axis 
of said pregroup sometimes carrying out parallel eccentricity of all to a straight system optically the 
bottom to an optical axis of said back group. 

[Claim 9] An incident light study system given in any 1 term of claims 1-8 characterized by for said 
optical-path bending means having consisted of prism, and the 1st [ at least ] page of the transparency 
sides leaning to an optical axis of said back group. 

[Claim 10] An incident light study system given in any 1 term of claims 1-9 characterized by an optical 
axis of said pre group sometimes leaning optically the bottom wholly as a straight system to an optical 
axis of said back group. 

[Claim 11] It can carry in rear projection equipment of different screen size. It is the incident light study 
unit constituted so that it could respond to a change of screen size. The 1st focus group of positive power 
which performs focusing on the occasion of a change of screen size by moving in accordance with an 
optical axis in the drawing neighborhood in said back group, An incident light study system given in any 
1 term of claims 110 characterized by said back group having the 2nd focus group of positive power which 
amends a minute focal gap by moving in accordance with an optical axis. 

[Claim 12] An incident light study system according to claim 11 characterized by replacing at least one 
lens in said 1st focus group with another lens which has the 1st [ at least ] page of a field where curvature 
differs from the lens on the occasion of a change of screen size. 

[Claim 13] An incident light study system according to claim 11 or 12 characterized by replacing at least 
one lens in said pre group with another lens which has the 1st [ at least ] page of a field where curvature 
differs from the lens on the occasion of a change of screen size. 

[Claim 14] An incident light study system given in any 1 term of claims 113 characterized by constituting 
said pre group pivotable along with a ball which has a center on an optical axis of said pre group. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the suitable incident light study 
system for the rear projection equipment which carries out amplification projection of the display image 
of light valves (liquid crystal panel etc.) on a screen about an incident light study system. 
[0002] 

[Description of the Prior Art] Conventionally, in the display image of a small light valve, using the 
incident light study system, the rear projection equipment which carries out amplification projection is 
known by the screen, and its light weight and miniaturization are desired. However, if it is going to 
lightweightize projection equipment, since it becomes impossible to increase lens number of sheets 
extremely and projection equipment is miniaturized, if it is going to form an incident light study system 
into an extensive field angle, it will become difficult to suppress aberration (for it to be especially 
chromatic aberration and distortion aberration). For this reason, a suitable optical configuration is 
needed for an incident fight study system. Moreover, in order for the temperature change in the 
equipment by the illumination light to bring about optical-character ability deterioration, it is necessary 
to set up the focal distance of each lens, and arrangement in consideration of the temperature 
characteristic of a lens material. 

[0003] It is possible by bending the optical path on the way using the lens back's incident light study 
system long retro focus type with an extensive field angle to reduce the thickness of the depth direction of 
rear projection equipment, an optical path - on the way - the pre-group which has power negative by the 
whole which the 1st and 2nd lenses start with a negative lens, and has the aspheric surface sequentially 
from an amplification conjugation side as an incident light study system come out of and bent, and the 
back group which has the aspheric surface and has power positive on the whole since what changes is 
proposed variously. For example, the incident light study system constituted as mentioned above by 
JP,8-201688,A, JP,2001-42211,A, the U.S. Pat. No. 6144503 description, etc. is proposed. 
[0004] 

[Problem(s) to be Solved by the Invention] However, in the above-mentioned conventional example, when 
it is going to form an extensive field angle, there are a problem of it becoming impossible to perform 
chromatic-aberration amendment sufficient by small lens number of sheets and a problem that the lens 
back will shift greatly by the temperature change. By neither JP,8-201688,A nor the incident fight study 
system given in JP,2001-42211,A, in case an extensive field angle is formed, the space which folds an 



optical path in an acute angle cannot secure enough, and is especially fit for suppressing the thickness of 
the depth direction of rear projection equipment, and the projection under a screen. Moreover, by the 
incident light study system given in a U.S. Pat. No. 6144503 description, it is a cutback conjugation side, 
and since it is not a tele cent rucksack, it is difficult [ it ] for contrast lowering, color nonuniformity, 
brightness nonuniformity, etc. to occur, in case the prism which performs optical-path separation and 
optical-path composition is used, therefore to obtain a good image. 

[0005] It aims at offering a lightweight and small highly efficient incident light study system with the 
extensive field angle from which it is made in order that this invention may solve these troubles, and a 
high definition projection image is obtained. 
[0006] 

[Means for Solving the Problem] In order to attain the above-mentioned object, an incident light study 
system of the 1st invention A pre group which is the incident light study system for rear projections which 
carries out amplification projection of the display image on a screen with image light injected in an 
abbreviation tele cent rucksack from a light valve, has the aspheric surface and has negative power 
sequentially from an amplification conjugation side, A back group which has an optical-path bending 
means which bends an optical path in a reflector, and the aspheric surface, and has positive power, Both 
the 1st lens by the side of amplification conjugation and 2nd lens following it that constitute a 
preparation and said pre -group have negative power most. It has a lens which consists of an 
anomalous- scattering material and has positive power in said back group. A light valve center is not 
located on an optical axis of said back group, but a projection light preparation means to perform 
composition of separation or different colored fight of ifiumination fight and projection light between light 
valves is arranged, and it is characterized by filling following conditional-expression (l) - (4) further. 
48< omega<60 - (l)3<Dl/f< 7 -(2) Vd> 75 - (3)0.52<(Ng-N£>/(Nf-Nc)<0.56 (4) -4 Correct, omega: The 
maximum field angle (degree), Dl : Clinch air length (most air conversion optical path length [ Most a 
field by the side of cutback conjugation to a back group / Pre -group ] to a field by the side of amplification 
conjugation), £ - a refractive index to a focal distance of the whole system, the Abbe number of 
Vd:anomalous scattering material, and g line of Ng:anomalous scattering material, a refractive index to f 
line of Ntf anomalous- scattering material, and a refractive index to c line of Nc^anomalous scattering 
material -- it comes out. 

[0007] An incident light study system of the 2nd invention is characterized by filling the following 
conditional expression (5) further in a configuration of invention of the above 1st. 

- 0.5<-ffa/fra<0.5 - (5) however a focal distance of a lens which has the aspheric surface of a ffa^pre group, 
and a focal distance of a lens which has the aspheric surface of an after [ fra: ] group - it comes out. 
[0008] An incident light study system of the 3rd invention is an incident fight study system for rear 
projections which carries out amplification projection of the display image on a screen with image light 
injected in an abbreviation tele cent rucksack from a light valve. A pre group which has the aspheric 
surface and has negative power sequentially from an amplification conjugation side, A back group which 
has an optical-path bending means which bends an optical path in a reflector, and the aspheric surface, 
and has positive power, Both the 1st lens by the side of amplification conjugation and 2nd lens following it 
that constitute a preparation and said pre group have negative power most. A light valve center is not 
located on an optical axis of said back group, but a projection fight preparation means to perform 
composition of a separation or an optical path of illumination light and projection light between light 



valves is arranged, and it is characterized by filling the following conditional expression (l), (2), and (5) 
further. 

48< omega<60 - (l)3<Dl/f< 7 - (2) 0.5< ffa/fra<0.5 (5) -5 Correct, omega: - maximum field angle 
(degree) Dl clinch air length (most air conversion optical path length [ Most a field by the side of cutback 
conjugation to a back group / Pregroup ] to a field by the side of amplification conjugation), a focal 
distance of f whole system, a focal distance of a lens which has the aspheric surface of a ffa^pre group, and 
a focal distance of a lens which has the aspheric surface of an after [ fira^ ] group - it comes out. 
[0009] an incident light stuc^y system of the 4th invention - above-mentioned the 1- in the 3rd 
configuration of any one invention, it is characterized by having a condenser lens between said projection 
light preparation means and light valves further. 

[0010] an incident light study system of the 5th invention - above-mentioned the 1- in the 4th 
configuration of any one invention, the aspheric surface which it has in said back group is characterized 
by thing of said back group most prepared in lenses other than a lens by the side of cutback conjugation. 
[0011] an incident light study system of the 6th invention - above-mentioned the 1- in the 5th 
configuration of any one invention, said both 1st lens and 2nd lens are characterized by being the 
meniscus lens which has negative power. 

[0012] an incident light study system of the 7th invention - above-mentioned the 1- in the 6th 
configuration of any one invention, it is characterized by a lens which has said aspheric surface being a 
plastic lens. 

[0013] an incident light study system of the 8th invention - above-mentioned the 1- in the 7th 
configuration of any one invention, it is characterized by an optical axis of said pre group sometimes 
carrying out parallel eccentricity of all to a straight system optically the bottom to an optical axis of said 
back group. 

[0014] an incident fight study system of the 9th invention - above-mentioned the 1- in the 8th 
configuration of any one invention, said optical-path bending means consists of prism, and it is 
characterized by the 1st [ at least ] page of the transparency sides leaning to an optical axis of said back 
group. 

[0015] an incident light study system of the 10th invention - above-mentioned the 1- in the 9th 
configuration of any one invention, it is characterized by an optical axis of said pre-group sometimes 
leaning optically the bottom wholly as a straight system to an optical axis of said back group. 
[0016] In the 10th configuration of any one invention, it can carry in rear projection equipment of 
different screen size, an incident light study system of the 11th invention - above-mentioned the 1- It is 
the incident fight study unit constituted so that it could respond to a change of screen size. The 1st focus 
group of positive power which performs focusing on the occasion of a change of screen size by moving in 
accordance with an optical axis in the drawing neighborhood in said back group, It is characterized by 
said back group having the 2nd focus group of positive power which amends a minute focal gap by moving 
in accordance with an optical axis. 

[0017] An incident light study system of the 12th invention is characterized by replacing at least one lens 
in said 1st focus group with another lens which has the 1st [ at least ] page of a field where curvature 
differs from the lens on the occasion of a change of screen size in a configuration of invention of the above 
11th. 

[0018] An incident light study system of the 13th invention is characterized by replacing at least one lens 



in said pregroup with another lens which has the 1st [ at least ] page of a field where curvature differs 
from the lens on the occasion of a change of screen size in a configuration of the above 11th or the 12th 
invention. 

[0019] an incident light study system of the 14th invention above-mentioned the 1- in the 13th 
configuration of any one invention, it is characterized by constituting said pre group pivotable along with 
a ball which has a center on an optical axis of said pre group. 
[0020] 

[Embodiment of the Invention] Hereafter, the incident light study system for rear projections which 
carried out this invention is explained, referring to a drawing. The optical configuration and projection 
optical path of a gestalt of the 1st - the 7th operation are shown in drawing 1 - drawing 3 , drawing 7 , 
drawing 8 , drawing 10 , and drawing 11 , respectively. Moreover, the optical configuration and projection 
optical path of the whole rear projection equipment which applied the gestalt of the 3rd operation to 
drawing 5 and drawing 6 are shown. However, as for the rear projection equipment with which the rear 
projection equipment shown in drawing 5 is 40 molds, and the size of a screen (SC) shows it to drawing 6 , 
the size of a screen (SC) is 50 molds. In addition, the whole rear projection equipment configuration also 
of the gestalt of other operations is the same as that of the gestalt of the 3rd operation almost, and has 
composition which bends a projection optical path by the mirror (MR) between an incident light study 
system and a screen (SC) as shown in drawing 5 and drawing Q . 

[0021] The incident light study system of the gestalt of each operation is the image light injected in the 
abbreviation tele cent rucksack from the light valve (PA), and has composition which carries out 
amplification projection of the display image of a fight valve (PA) on a screen (SC). And it has the back 
group (GrR) which has the prism (PR) as the pre group (GrF) which has the aspheric surface and has 
negative power sequentially from an amplification conjugation side, and an optical-path bending means 
which bends an optical path in a reflector, and the aspheric surface, and has positive power. Between the 
incident fight study system and the light valve (PA), the optical-path separation element which performs 
separation with the illumination light and projection light, or the optical-path composition element which 
performs composition of an optical path is arranged as a projection light preparation means (PT). As an 
optical-path separation element, polarization separation elements, such as PBS (Polarizing 
BeamSplitter) prism and an PBS sheet {for example, Sumitomo 3M DBEF (trade name)}, are used, and 
the color composition element which compounds different colored fight, such as a crossing dichroic prism 
and a dichroic mirror, is used as an optical-path composition element, for example. Moreover, as a light 
valve (PA), display devices, such as DMD (Digital Micromirror Device), a reflective mold liquid crystal 
panel, and a transparency mold liquid crystal panel, are used. 

[0022] In addition, with the gestalt of each operation, PBS prism, the PBS sheet, or the crossing dichroic 
prism is arranged as a projection light preparation means (PT). The example of a projection light 
preparation means (PT) is shown in draw in g 21 . Drawing 21 (A) shows PBS prism (PTl). PBS prism 
(PT1) turns to a light valve (PA) the illumination light (LI) which has carried out incidence, reflects, 
makes the reflected light from a light valve (PA) penetrate, and carries out incidence to a back group 
(GrR) as a projection light. Drawing 21 (B) shows the PBS sheet (PT2). An PBS sheet (PT2) turns to a 
light valve (PA) the illumination light (LI) which has carried out incidence, reflects, makes the reflected 
light from a light valve (PA) penetrate, and carries out incidence to a back group (GrR) as a projection 
fight. Drawing 21 (C) shows the crossing dichroic prism (PT3). A crossing dichroic prism (PT3) carries out 



color composition of the colored light (for example, RGB) which is different from three light valves (PA), 
and it is made it to carry out incidence to a back group (GrR) as a projection light. 

[0023] With the rear projection equipment to which the gestalt of each operation is applied, if the chief 
ray injected from a light valve (PA) is not a tele cent rucksack, when PBS prism (PTl) and an PBS sheet 
(PT2) are used, contrast lowering increases, and when a crossing dichroic prism (PT3) is used, an 
irregular color and brightness unevenness will increase. For this reason, as for an incident light study 
system, it is desirable to a cutback conjugation side that it is a tele cent rucksack. Moreover, when the 
image quality of a rear projection TV is taken into consideration, it is still more desirable for a tele cent 
rucksack angle {the angle which the chief ray injected from each pixel of thetai:light valve (PA) makes 
with the field normal of a light valve (PA)} to be about 2 degrees or less. 

[0024] moreover - extensive - when preparing PBS prism (PTl), an PBS sheet (PT2), a crossing dichroic 
prism (PT3), etc. in a field angle incident light study system, as for an incident light study system, it is 
desirable that it is the retro focus type which the lens back can take. Therefore, like the gestalt of each 
operation, an incident light study system consists of a pre-group (GrF) of negative power, and a back 
group (GrR) of positive power, it extracts, and, as for (ST), being located in a back group (GrR) is desirable. 
It is physically difficult to locate drawing (ST) in the space where an optical-path bending means is 
arranged {that is, in the clinch air gap between a pre-group (GrF) and a back group (GrR)}. Moreover, 
since extracting and locating (ST) in a pre-group (GrF) will lead to lengthening the overall length of a 
pre-group (GrF), consequently its projection under the screen (SC) of rear projection equipment will 
increase, it is not fit for a miniaturization. 

[0025] Moreover, it becomes indispensable to secure the space which is the degree to which interference of 
an optical path does not take place at least in the shorter side cross section of a screen as a space for 
inserting PBS prism (PTl), an PBS sheet (PT2), a crossing dichroic prism (PT3), etc. furthermore, the 
cutback conjugation side at the tail end of an incident light study system air length - {-- it is desirable 
to secure air conversion optical-path-length} to a light valve (PA) or a condenser lens from the field of a 
cutback conjugation side lens most, and to make it the value of an after [ D2: ] group (GrR) which broke 
the value (D2) by the focal distance (0 of the whole system of an incident light study system set to 1.6-4. If 
the value of D2/f is less than the minimum of this condition range, unless the configuration of filling that 
space with the quite high medium of a refractive index will be taken, it becomes impossible to turn up an 
optical path without interference. When the value of D2/f exceeds the maximum of this condition range, it 
becomes impossible moreover, to secure good optical-character ability. 

[0026] With the gestalt of each operation, the 1st lens by the side of amplification conjugation (Gl) and 
the 2nd lens (G2) following it which constitute the pre-group (GrF) both have negative power most. Those 
lens volume and paths can be reduced as the 1st lens (Gl) and the 2nd lens (G2) of a pre-group (GrF) are 
a negative lens. Therefore, it is suitable for lightweightizing and cost reduction of an incident light study 
system to use the 1st and 2nd lens (Gl, G2) of negative power. Furthermore, if the lens of at least one of 
the two of the 1st and 2nd lens (Gl, G2) is the meniscus configuration where the convex was turned to the 
amplification side, it will become possible to make a beam of light refracted gently- sloping by each 
refracting interface, and it will be useful to error sensitivity reduction of the lens. As for this reason to the 
1st lens (Gl) and the 2nd lens (G2), it is more desirable to have the meniscus configuration where the 
convex was turned to the amplification side. 

[0027] By using the aspheric surface for a pre-group (GrF), it becomes possible to perform distortion 



amendment efficiently. Therefore, it is effective in reduction of lens number of sheets to use the aspheric 
surface for a pregroup (GrF). Furthermore, it is desirable to have a double-sided aspheric lens in a 
pregroup (GrF). the gestalt of each operation - like - extensive - since distortion amendment is difficult, 
when raising distortion amendment capacity more in a field angle incident light study system, the 
double-sided aspheric lens is effective. If a double-sided aspheric lens is a simple substance, since it can 
fabricate by the injection molding of plastics etc. easily, it is still more desirable. Moreover, since the 
diameter of a lens of a pre group (GrF) is comparatively large, it is useful to reduction of cost to make a 
lens from the plastic material of a low price generally compared with a glass material. As for this to an 
aspheric lens, being most located in an amplification conjugation side is desirable. However, if the path of 
a plastic lens is enlarged not much too much, since processes, such as molding, will become difficult, in 
such a case, it is desirable that it is not an amplification conjugation side most. 

[0028] Moreover, if the diameter of a lens is stopped small, reducing the lens number of sheets of a 
pre group (GrF), the curvature of a lens side will become tight. In the case of the meniscus lens which 
turned the convex to the amplification conjugation side, it is an amplification conjugation side, and 
curvature becomes loose, it is a cutback side and curvature becomes tight. In both sides of the lens which 
has such curvature, since the crossing angle of a beam of light and a field becomes large around a lens, 
the effect of an acid-resisting coat etc. becomes thin and the ghost between lens sides, an irregular color, 
brightness unevenness, etc. arise. Since the field where the curvature which turns concave especially to a 
cutback conjugation side also in it is tight is difficult to make coat thickness by vacuum evaporationo etc. 
into homogeneity, the effect of a coat falls further. 

[0029] When this is taken into consideration, as for the angle (theta 2) which the tangent of a field and 
the optical axis of a pre group (GrF) accomplish in the location of the maximum effective diameter, in the 
refracting interface which turned concave to the cutback conjugation side located in a pre group (GrF), it 
is desirable that it is 37 degrees or more. If two or more theta2=37 degree neighborhood fields exist with a 
natural thing, since the effect will become remarkable, as for theta 2 of other fields where considering 
only as the 1st page is desirable- as for a theta2=37 degree neighborhood field, it is desirable that it is 45 
degrees or more. Moreover, in a plastic lens, since it is difficult to carry those of seldom being made to an 
elevated temperature at the time of a coat with a limit, and a complicated coat, theta 2 has desirable 45 
degrees or more. 

[0030] By using the aspheric surface for a back group (GrR), the spherical aberration and comatic 
aberration which influence the image engine performance can be amended effectively. It is effective in 
reduction of lens number of sheets to use the aspheric surface for a back group (GrR) from this. Moreover, 
it is still more desirable to use a double-sided aspheric lens for a back group (GrR). There is the advantage 
of being able to fabricate the plastic lens of a simple substance by injection molding etc. easily not only 
like improvement in aberration amendment capacity but like a pre group (GrF) in a double-sided 
aspheric lens. 

[0031] With the gestalt of each operation, it has the composition that a light valve (PA) center is not 
located on the optical axis of a back group (GrR). By shifting a light valve (PA) center from the optical axis 
of a back group (GrR), the chief ray injected from the center of a light valve (PA) will carry out oblique 
incidence to a screen (SO. Thereby, the thickness of the depth direction of rear projection equipment can 
be reduced. 

[0032] Moreover, with the gestalt of each operation, the back group (GrR) has the lens of the positive 



power which consists of an anomalous-scattering material. The secondary spectrum of chromatic 
aberration can be amended by using the lens which consists of a material with anomalous- scattering 
nature. For this reason, while being able to reduce lens number of sheets, the number of cemented lenses 
with a more complicated manufacturing process can be reduced. Therefore, it is fit for small 
lightweightization of an incident light study system to use for a back group (GrR) the positive lens which 
consists of an anomalous- scattering material. 

[0033] With the gestalt of each operation, the flexibility of arrangement of an incident light study system 
is raised by establishing the optical-path bending means which bends an optical path using a reflector in 
the middle of an incident light study system. This flexibility enables reduction of the projection of the 
depth of rear projection equipment, or the screen (SO bottom. Furthermore, in order to suppress the 
depth of rear projection equipment, and the projection of the screen (SC) bottom to the minimum, it is 
desirable to bend 90 degrees or more of opticals axis of a pregroup (GrF) to the optical axis of a back 
group (GrR) with an optical-path bending means (theta 3: clinch angle). On the contrary, if all the beams 
of light on which it is projected are bent at the angle which fulfills total reflection conditions within prism 
(PR) when using prism (PR) as an optical -path bending means, and a lower projection does not need to be 
suppressed small, time and effort, such as vacuum evaporationo, can be saved and cost reduction will 
become possible. For example, with the gestalt ( drawing 8 ) of the 5th operation, the total reflection 
conditions in clinch prism (PR) are realized. That is, in the case of refractive-index Nd=1.5168 of clinch 
prism (PR), total reflection conditions can be fulfilled by making into 40.92 degrees or more (the smallest 
angle being 42.44 degrees at the gestalt of the 5th operation) the angle which all the beams of light of 
projection light and the normal of a total reflection side accomplish. 

[0034] Moreover, it is desirable for aluminum, silver vacuum evaporationo, etc. to carry out as an 
optical path bending means like the gestalt of each operation using the prism (PR) given to the reflector 
etc., and for a refractive index to insert a reflector into one or more media. This will ** the clinch air 
length (Dl) which mentions later to shorten optically, and will loosen the configuration conditions of an 
incident fight study system. For this reason, optical-character ability can be raised more. 
[0035] Moreover, if an optical path is bent to whenever [ angle of elevation ] with an optical-path bending 
means, it will lifting-come to be easy of physical interference by the pregroup (GrF), a back group (GrR), 
etc. In order to lessen this interference, it is desirable to use the non-circle configuration where the 
portion which the optical path of the lens which is easy to interfere in the direction vertical to an 
optical-path bending cross section does not pass was cut. For example, in order to avoid interference with 
a pre group (GrF) and a back group (GrR), D cut of the interference portion of the pre group (GrF) to a 
back group (GrR) is carried out, and the lens of a non-circle configuration constitutes the pre group (GrF) 
from the gestalt ( drawing 10 ) of the 6th operation. 

[0036] If the lens of a non-circle configuration is used in order to be able to shorten the lens back of an 
incident fight study system and to prevent interference of a pre group (GrF), a screen (SO, etc., if the lens 
of a non-circle configuration is used in order to prevent interference with a back group (GrR) and an 
illumination system (un illustrating), the thickness of the depth direction of rear projection equipment 
can be reduced. For example, with the gestalt ( drawing 5 ) of the 3rd operation, in order to have carried 
out D cut of the interference portion of the pre group (GrF) to a screen (SC) in order to avoid interference 
with a pre group (GrF) and a screen (SC), and to avoid interference with the last lens of a back group 
(GrR), and the condensing lens (un illustrating) of an illumination system, D cut of the interference 



portion of the last lens of the back group (GrR) to the condensing lens of an illumination system has been 
carried out. Moreover, since it is not necessary to use an excessive material if a non-circle configuration 
lens is used, it also becomes cost reduction also by environment well. It is desirable to make into a 
non-circle configuration the 1st lens (Gl) which serves as a diameter of macrostomia from this reason 
comparatively within an incident light study system even if there is no effect in physical interference, and 
the 2nd lens (G2). 

[0037] It is desirable to fill the following conditional expression (l) about the field angle of an incident 
light study system. 

48< omega<60 - (l), however the omega-maximum field angle (degree) - it comes out. 
[0038] Conditional expression (l) has specified the maximum field angle of an incident light study system. 
When less than the minimum of conditional expression (l), projector distance will be extended too much 
and the depth of rear projection equipment will increase. An incident light study system stops for this 
reason, being fit for a miniaturization. If it does not carry out whether you are whether the effective 
diameter of a pregroup (GrF) is extended or the angle (angle which the tangent of the field in the 
direction of a normal and the circumference of a plane peak point accomplishes) in the circumference of 
the optical surface of a pre group (GrF) will be made small if it exceeds the maximum of conditional 
expression (l), ****** e t al., it becomes impossible to maintain the engine performance. Riser 
manufacture will also become [ a material cost ] difficult if an effective diameter is extended. Moreover, if 
the circumference angle of the optical surface of a pre group (GrF) is made small, a failure which was 
described in the top will be born. Furthermore, since the refractive power of those fields is improved, error 
sensitivity goes up too much, and a mechanism configuration and an adjustment procedure will become 
difficult. Since it must stop having to increase lens number of sheets, it stops consequently, being fit for 
small and lightweight-izing, or low cost-ization. 

[0039] It is desirable to fill the following conditional expression (2) about the clinch air gap between a 
pre group (GrF) and a back group (GrR). 

3<Dl/f< 7 - (2), however a Di:clinch air length {pre group (GrF) - most - the field by the side of cutback 
conjugation to a back group (GrR) most - air conversion optical-path-length} to the field by the side of 
amplification conjugation, and the focal distance of ft whole system - it comes out. 

[0040] Conditional expression (2) has specified clinch air length. If less than the minimum of conditional 
expression (2), it will become difficult to turn up an optical path, keeping the f number small, and the 
flexibility of arrangement will decrease. Moreover, the projection of the screen (SO bottom of rear 
projection equipment will be enlarged. If it exceeds the maximum of conditional expression (2), long clinch 
air length will be taken too much, and the need of taking the method of coping with it when exceeding the 
maximum of the conditional expression (l) described in the top will be born. It stops for this reason, being 
fit for small and lightweight-izing, and low cost-ization. 

[0041] It is desirable to fill the following conditional expression (3) and (4) about the positive lens which 
consists of the anomalous- scattering material used for the back group (GrR). 

Vd>75 - (3)0.52<(Ng-N£>/(Nf-Nc)<0.56 - the refractive index to (4) however the Abbe number (nud) of 
Vd^anomalous scattering material, and g line of Ng:anomalous-scattering material, the refractive index 
to f line of Nftanomalousscattering material, and the refractive index to c line of 
Nc-anomalous-scattering material -- it comes out. 

[0042] Conditional expression (3) and (4) have specified the conditions about the definition of an 



anomalous-scattering material. The glass map which took (Ng-Nf)/(Nf Nc) and Vd along the axis of 
ordinate and the horizontal axis, respectively is considered. That whose Vd is too high does not exist with 
the glass which does not enter inside [ which is formed at the minimum of conditional expression (3), the 
maximum of conditional expression (4), and a minimum ] three sides at this time (Vd is 90 or more), Vd is 
not too high and the glass located in the outside of three sides does not have [ secondary spectrum 
amendment capacity is low and ] an enough effect to the extent that lens number of sheets can be reduced. 
For this reason, what does not fill conditional expression (3) and (4) has not turned to an incident light 
study system with little lens member of sheets. 

[0043] It is desirable to fill the following conditional expression (5) about the lens which has the aspheric 
surface of a pre-group (GrF) or a back group (GrR). 

• 0.5<-ffa/fra<0.5 - (5) however the focal distance of the lens which has the aspheric surface of a 
ffa:pre -group (GrF), and the focal distance of the lens which has the aspheric surface of an after [ fra- ] 
group (GrR) - it comes out. 

[0044] Conditional expression (5) has specified the relation of the focal distance of the lens which has the 
aspheric surface of a pre group (GrF) for reducing the focus gap by the temperature change, and the lens 
which has the aspheric surface of a back group (GrR). that the incident light study system for projectors 
has a large diameter of a lens although a glass lens and the compound-die aspheric lens which consists of 
the hardening materials (for example, ultraviolet curing mold resin, heat-curing mold resin, etc.) of 
closing in generally are not influenced by the temperature characteristic rather than a plastic lens, that 
the variation rate (Deviation) from the spherical- surface configuration of an aspheric surface 
configuration is large, that a manufacturing cost is high, and ** - it is not suitable for an incident light 
study system by inner one of reasons. 

[0045] Therefore, although it is common to use the aspheric lens of plastic molding, the configuration of a 
plastic lens and its refractive index are dramatically sensitive to a temperature change. The 
refractive-index change (deltan/deltaT) by the coefficient of linear expansion (alpha) by the temperature 
change and the temperature change of plastics is extraordinarily large compared with a glass lens. 
Moreover, since the signs of coefficient of linear expansion (alpha) and refractive-index change 
(deltan/deltaT) differ, the expansion and refractive -index change by the temperature change serve to 
move a focus in the same direction, it is like the gestalt of each operation - extensive - in field angle 
optical system, when the plastic lens of the same focal distance as the same material is in a pre-group 
(GrF) and a back group (GrR) temporarily, the focus gap by the temperature change which the plastic lens 
of a back group (GrR) brings about becomes about 10 times of a pre-group (GrF). It must stop therefore, 
having to store the focal distance ratio of the aspheric lens of a pre-group (GrF) and a back group (GrR) in 
a certain range. Conditional expression (5) has specified the range. If the limit of the condition range of 
conditional expression (5) is exceeded, the focus gap by the temperature change becomes large too much, 
and as long as there is no focal device interlocked with the thermo sensor, the resolution of an incident 
light study system will serve as imperfection. 

[0046] Moreover, it is still more desirable to fill the conditional expression (5a) of the following which 
pulled up the minimum of conditional expression (5). 

- 0.3< ffa/fra<0.5 (5a) [0047] The reason for pulling up the minimum of conditional expression (5) is 
explained. In order to perform distortion amendment effectively, as for the aspheric lens of a pre-group 
(GrF), it is desirable to approach an amplification conjugation side, and it is still more desirable to have 



negative power. For example, when it thinks with the aspheric lens simple substance of a pre -group (GrF), 
according to lifting of temperature, a focus shall move in the direction of Q. Since it is positive on the 
whole, if the lens with which the signs of coefficient of linear expansion (alpha) and refractive-index 
change (deltan/deltaT) differ by glass lenses other than an aspheric lens is used abundantly, even if the 
power of a back group (GrR) removes the focus error of the aspheric lens of a back group (GrR), it is easier 
for it than the reverse to make a focus act in the direction of -Q by those glass lenses by the temperature 
rise. Therefore, it can be said that it is desirable to fill the conditional expression (5a) which pulled up the 
minimum of conditional expression (5). 

[0048] It is still more desirable to fill the following conditional expression (5b) so that there may be no 
need of using abundantly the glass lens from which the sign of coefficient of linear expansion (alpha) and 
refractive-index change (deltan/deltaT) differs. 

- 0.1<-ffa/fra<0.2 - (5b) [0049] When the aspheric lens made from plastics is used for a back group (GrR), 
it is desirable the following conditional expression (5c) and (5d) for the value which broke the focal 
distance of the plastics aspheric lens of a back group (GrR) by the focal distance of the whole system to 
fulfill it, since the focus error by the temperature change of the lens is dramatically large. Moreover, it is 
desirable the following conditional expression (5e) and (5£) to fill with the same reason as having 
narrowed the minimum and maximum of conditional expression (5). In order to lengthen a focal distance, 
fully demonstrating the aberration amendment capacity of an aspheric surface configuration, as for the 
aspheric lens of a back group (GrR), it is desirable that it is a meniscus lens. 

fra/f> 4 - (5c) fra/f<-4 -(5d) fra/£> 16 - (5e) fra/f<-8 - (50 [0050] Like the gestalt ( drawing 10 , drawing 
11 ) of the 6th and the 7th operation, it is desirable to have a condenser lens (CL) between a projection 
light preparation means (PT) and a light valve (PA). Using a condenser lens (CL) means breaking down 
the tele cent rucksack nature of a beam of light which passes a projection fight preparation means (PT). 
Since most space is not filled with a medium when an PBS sheet (PT2) etc. is used as a projection light 
preparation means (PT), the long lens back of an incident light study system must be taken rather than 
the case where PBS prism (PTl), a crossing dichroic prism (PT3), etc. are used. If it becomes like this and 
the flux of light of the same f number will be projected at all with the same field angle, while it becomes 
difficult to maintain the engine performance of an incident light study system, the diameter of a lens 
becomes large. It stops for this reason, being fit for highly-minuteizing, small and lightweight izing, and 
low cost ization. (Tele cent rucksack nature's collapsing) and these problems are solvable by inserting a 
condenser lens (CL) between a projection fight preparation means (PT) and a light valve (PA). 
[0051] The thing of a back group (GrR) for which the aspheric surface which it has in a back group (GrR) 
is most established in lenses other than the lens by the side of cutback conjugation like the gestalt of each 
operation is desirable. That is, the thing which are located in an amplification conjugation side and for 
which the aspheric surface is most established in lenses other than the lens by the side of a cutback is 
more desirable than a projection light preparation means (PT). This is the conditions about the aspheric 
surface location of a back group (GrR). Generally, although the capacitor which condenses the source of 
the illumination light and its divergence light in the projector which carries out amplification projection 
of the display image of a small light valve (PA) is required, the lower limit of the f number injected from 
each pixel of a light valve (PA) is decided from the relation between the arc length of the light source, the 
path of a capacitor, and the magnitude of a light valve (PA). And it is common that the arc length exists 
and the magnitude of a light valve (PA) becomes smaller than the capacitor which condenses the 



divergence light of the light source. Therefore, in order to utilize the illumination light effectively, the 
small incident light study system of the f number is required. 

[0052] Moreover, if the path of an incident light study system is small, while it will be useful to the 
cutback of a material cost or conversion costs, the clinch in the middle of an incident light study system 
becomes easy. In order to attain the small incident light study system of the f number and a path based on 
these, it is most effective to give positive power strong against the lens nearest to a light valve (PA) of an 
incident light study system, and to suppress divergence of incident light from a bottom. However, it is 
unsuitable if the temperature characteristic of the aspheric lens as for which the focal distance became 
short with a natural thing and which was described in the top when this role was made the aspheric lens 
is taken into consideration. Therefore, the aspheric lens of a back group (GrR) needs not to be a lens by 
the side of cutback conjugation most. 

[0053] It is desirable for both the 1st lens (Gl) and the 2nd lens (G2) to be meniscus lenses which have 
negative power. This is the conditions about the configuration of the 1st and 2nd lens (Gl, G2) of a 
pregroup (GrF). It becomes important that you make it refracted as gently- sloping as possible so that the 
1st and 2nd lenses (Gl, G2) may not centralize refractive power on one field by the 4th page of the 1st and 
2nd lenses (Gl, G2), in order for the maximum field angle (omega) to carry out condition maintenance of 
the error sensitivity low, without increasing lens number of sheets rapidly in an incident light study 
system 48 degrees or more by negative power. In order to do so, it is desirable for the 1st and 2nd lenses 
(Gl, G2) to be meniscus lenses, and it is still more desirable that it is the meniscus lens which turned the 
convex to the amplification conjugation side. 

[0054] As for the lens which has the aspheric surface, it is desirable that it is a plastic lens. This is the 
conditions about the material of an aspheric lens, that the incident light study system for projectors has a 
large diameter of a lens although a glass lens and the compound-die aspheric lens which consists of the 
hardening materials (for example, ultraviolet curing mold resin etc.) of closing in are not more 
remarkable than a plastic lens about the temperature characteristic as mentioned above, that the 
variation rate (Deviation) from the spherical surface of an aspheric surface configuration is large, that a 
manufacturing cost is high, and ** -- it is not suitable for an incident light study system by inner one of 
reasons. Therefore, it is desirable to use the aspheric lens of plastic molding. 

[0055] It is desirable for the optical axis of a pre -group (GrF) to sometimes carry out parallel eccentricity 
of all to the straight system optically the bottom to the optical axis of a back group (GrR). For example, it 
is desirable to contain the parallel eccentricity of a pre group [ as opposed to / the optical axis (AXF) of a 
pre group (GrF) has shifted to the optical axis (AXR) of a back group (GrR) like the gestalt of the 5th 
operation, and / a back group (GrR) to the optical-axis gap ] (GrF) shown in drawing 9 . The incident light 
study system concerning the gestalt of the 5th operation has optical composition the light valve (PA) 
center shifted [ composition ] from the optical axis (AXR) of a back group (GrR) ( drawing 8 ). Since 
counter amendment of each aberration can be carried out by the pre-group (GrF) and the back group 
(GrR) by the gap, it is desirable for the optical axis (AXF, AXR) of a pre -group (GrF) and a back group 
(GrR) to carry out parallel eccentricity, and to arrange it. 

[0056] It is desirable for the optical-path bending means to have consisted of prism (PR), and for the 1st 
[ at least ] page of the transparency sides to lean to the optical axis (AXR) of a back group (GrR). This is 
the conditions about the inclination of the prism transparency side when using prism (PR) as an 
optical-path bending means, and the gestalt ( drawing 8 , drawing 9 ) of the 5th operation fulfills this 



condition. Although it is as having explained the effect using prism (PR) previously, it is effective to lean 
the refracting interface of prism (PR) further, when amending astigmatism. In the gestalt of the 5th 
operation, since the light valve (PA) center has shifted from the back group (GrR) center, as for the image 
on which it was projected, performance degradation happens in the image quantity to which the incident 
angle over a screen (SO becomes large by the gap. Moreover, as for carrier beam image quantity, the 
engine performance tends to become good about the effect of the objection. By leaning a prism side, this 
heterogeneity over astigmatism can be softened and a better image can be obtained on the whole screen. 
[0057] It is desirable for the optical axis (AXF) of a pre-group (GrF) to sometimes lean optically the 
bottom wholly as the straight system to the optical axis (AXR) of a back group (GrR). This is the 
conditions about the inclination of the optical axis (AXF) of a pre-group (GrF), and the optical axis (AXR) 
of a back group (GrR), and the gestalt ( drawing 8 , drawing 9 ) of the 5th operation fulfills this condition. 
With the gestalt of the 5th operation, since the light valve (PA) center has shifted from the back group 
(GrR) center, when the best image engine performance in the image light based on light valves (PA) is 
obtained, the whole image surface will incline to an one direction. By leaning the optical axis (AXF) of a 
pre-group (GrF) to the optical axis (AXR) of a back group (GrR), counter amendment of this inclination 
can be carried out, and the good engine performance can be attained. 

[0058] With the gestalt ( drawing 3 , drawing 7 ) of the 3rd and the 4th operation, maintaining the 
physical relationship (photograph center criteria) of the direction of (Screen SC) normal of a light valve 
(PA) and a screen (SC), unitization is carried out so that it may carry in the rear projection TV of screen 
size which the incident light study system is constituted so that it can respond to the change of screen 
(SC) size, and is different. For example, with the gestalt of the 3rd operation, the change in the screen 
(SC) size ( drawing 5 ) of 40 molds and the screen (SC) size ( drawing 6 ) of 50 molds is attained. It is 
desirable for a back group (GrR) to have the 1st focus group of the positive power which performs focusing 
by moving in accordance with an optical axis in the drawing (ST) neighborhood in a back group (GrR), 
and the 2nd focus group of the positive power which amends a minute focal gap by moving in accordance 
with an optical axis on the occasion of the change of such two or more screen (SC) sizes. With the gestalt 
of the 3rd and the 4th operation, the 1st focus group extracts as the 4th lens (G4), and consists of (ST), 
and the 2nd focus group consists of the 9th lens (G9). In addition, the 2nd focus group is a focus fine 
adjustment means for amending the minute focal gap produced from the error by mechanism precision, 
assembly precision, etc. 

[0059] By using it for a focus by making into the 1st focus group the group of the positive power in which 
curvature of-field amendment is possible and which extracts and is located near (ST), while performing a 
focus, the curvature of field generated in that case can be amended simultaneously. Since the group in 
which lens number of sheets has power negative by the back group (GrR) in few systems has the high 
sensitivity to chromatic aberration, it is unsuitable as a focal group. It is necessary to be the group in 
which the 2nd focus group which performs a fine control focus also has positive power by the same reason. 
Moreover, the pre-group (GrF) has not turned to a focal group, in order that the sensitivity to the 
inclination of the projection location fluctuation by the inclination of an optical axis or the image surface 
may be high and the single lens of a pre group (GrF) may have an adverse effect also on distortion 
aberration in addition to it. Moreover, since it is indispensable that there is little fluctuation of the 
curvature of field accompanying migration as for the 2nd focus group, it is desirable that it is the group 
which extracted and is separated from (ST). 



[0060] By still such system, it extracts as an optical-path bending means, and since it extracts and the 
direction of the distance between (ST) and a projection light preparation means (PT) becomes long, as for 
the 2nd focus group, it is more desirable than the space between (STs) to extract and to be located in a 
cutback conjugation side from (ST). Furthermore, if the lens by the side of cutback conjugation is a single 
lens (cementation etc. is not carried out) which has the positive power of an incident light study system 
and the 2nd focus group is the one lens, since the amount of curvatureoffield fluctuation at the time of a 
focus serves as min, it is the most desirable. Moreover, if the 2nd focus group is a single lens, it is effective 
in the mechanism configuration of a focus becoming easier. 

[0061] It is desirable to replace at least one lens in the 1st focus group with another lens which has the 1st 
[ at least ] page of the field where curvature differs from the lens on the occasion of the change of screen 
(SC) size. With the gestalt ( drawing 7 ) of the 4th operation, the 4th lens (G4) supports the change of 
screen (SC) size by being exchanged. The effect by uncommunalizing [ of the focal group at the time of 
the change of such screen (SC) size ] is explained. When I hear that that it is the group which has an 
effect in curvature of -field amendment has the large amount of fluctuation of the curvature of field to 
migration of the group, there is and the balance of the amount of focuses and the amount of 
curvature of- field amendments by migration of the group has collapsed, the amount of focuses and the 
amount of curvature-of-field amendments can be balanced by changing the curvature of the 1st [ at least ] 
page in this group. Furthermore, balance of the amount of focal adjustments and the amount of 
curvature of- field amendments can be further improved by carrying out a focus with a single lens and 
making the lens perfect [ un-], simplifying a mechanism configuration. 

[0062] It is desirable to replace at least one lens in a pre-group (GrF) with another lens which has the 1st 
[ at least ] page of the field where curvature differs from the lens on the occasion of the change of screen 
(SC) size. With the gestalt ( drawing 7 ) of the 4th operation, the 3rd lens (G3) supports the change of 
screen JSC) size by being exchanged. The effect by un-communalizing [ of the field of the pre group (GrF) 
at the time of such a focus ] is explained. Since it extracts and the flux of light of a long distance and each 
image quantity dissociates from (ST), the refracting interface of a pre group (GrF) has the high distortion 
amendment effect to the sensitivity to a focus gap. For this reason, since impossible distortion 
amendment can be performed, if this distortion amendment is added to the focus by migration and lens 
exchange of the 1st focus group, optical-character ability can be further raised in migration and lens 
exchange of the 1st focus group. 

[0063] It is desirable to constitute the pre-group (GrF) pivotable along with the ball which has a center on 
the optical axis of a pre-group (GrF). For example, if the pre group (GrF) is constituted pivotable like the 
gestalt of the 3rd operation along with the ball which is shown in drawing 4 and which has a center (CP) 
on the optical axis of a pre-group (GrF), inclination amendment of the image surface can be performed. If 
it has optical-path bending means, such as prism (PR), at all, it is difficult to carry out simultaneous 
processing of the lens barrel of a pre group (GrF) and a back group (GrR), and especially the thing for 
which the mechanism precision which fully absorbs the inclination of the optical axis of a pre-group (GrF) 
and a back group (GrR) is attained is difficult. In order that the image surface may incline according to 
generating of this inclination, in order to amend the inclination of the image surface, suppressing other 
aberration generating as much as possible, it is optimal to rotate the whole pre group (GrF) along with 
the ball which had a center (CP) on the optical axis of a pre -group (GrF). 

[0064] Furthermore, it is desirable to place the center of rotation (CP) of a pre-group (GrF) near the back 



principal point location, and it can amend the inclination of the image surface, without moving a 
projection location by it. Moreover, also in the inclination of an optical-path bending means and location 
gap to a back group (GrR), it is difficult to take out sufficient precision from the same reason. Although a 
projection location gap occurs from this error, a projection location gap can also be amended by placing the 
center of rotation (CP) of a pregroup (GrF) on the optical axis of the pregroup [ location / back principal 
point ] (GrF) intentionally shifted. Therefore, when the location precision of the optical-path bending 
means against a back group (GrR) is not enough, it is desirable to establish the center of rotation (CP) of a 
pre group (GrF) in such a location. 
[0065] 

[Example] Hereafter, construction data etc. is mentioned and the incident light study system for rear 
projections which carried out this invention is explained still more concretely. The examples 1*7 given 
here are equivalent to the gestalt of the 1st - the 7th operation mentioned above, respectively, and 
drawing 1 showing the gestalt of each operation - drawing 3 , drawing 7 , drawing 8 , drawing 10 , and 
drawing 11 show the optical path of each corresponding example etc., respectively. 

[0066] The construction data of examples 1-7 is shown in a table 1, a table 3, a table 5, a table 7, a table 9, 
a table 12, and a table 14. However, since the example 3 and the example 4 (a table 5, table 7) have 
composition corresponding to the change of screen (SO size, they mention the data of two positions (50 
molds, 40 molds). In the construction data of each example, Si (i= 1, 2 and 3, ...) is counted from an 
amplification conjugation side, the i th field and CR show the radius of curvature (mm) of Field Si, T 
shows the axial upper surface gap (mm), and Nd and nud show the refractive index and the Abbe number 
to d line of an optical element, respectively. Moreover, the field Si where * was attached is the aspheric 
surface of the field configuration defined by the following formulas (AS), and shows the aspheric surface 
data (E-n=xl0-n) of examples 1-7 in a table 2, a table 4, a table 6, a table 8, a table 11, a table 13, and a 
table 15. 
[0067] 

X(H) =(C0, H2)/{l+root (lepsilon-C 02, H2)} + (A4, H4+A6, H6+A8, H8+A10 and H10+A12, H12) (AS) 
--AS Correct, the variation rate of the direction of an optical axis in the inside of a formula (AS), and the 
location of X(H):height H - an amount (plane peak point criteria) and H:optical axis - receiving - the 
height of a vertical direction, CO^paraxial curvature (= 1/CR), epsilon:curved surface [ secondary ] 
parameter, and Ai:i the following aspheric surface coefficient (i= 4, 6, 8, 10, 12) - it comes out. 
[0068] The coordinate data of an example 5 is shown in a table 10. the coaxial system which arrangement 
of the field in a coaxial system was specified at intervals of the axial upper surface (T) with the field in 
front of an amplification conjugation side, and carried out eccentricity mutually in the construction data 
of an example 5 - the field by the side of amplification conjugation (SI, S7, S8, S9) is most specified with 
coordinate data. Arrangement of the field (Si, S7, S8, S9) specified with coordinate data is specified with 
the location and inclination of the field. In the global rectangular coordinate system (x y, z) which the 
location of each field (Si, S7, S8, S9) makes the plane peak point of the 1st page (Si) a zero (0, 0, 0), and 
makes the direction of a normal in the plane peak point the direction of a x axis (a cutback conjugation 
side is positive) It is expressed with the plane peak point coordinate (x y, z) of each side (Si, S7, S8, S9). In 
the 1st page (Si), the optical axis (AXF, drawing 9 ) of a pre group (GrF) with which the tangential plane 
in a plane peak point passes along a plane peak point in accordance with a y z flat surface (z shaft 
orientations are perpendicularly to the space of each optical cross section) is in agreement with a x axis. 



However, since an optical path is bent by prism (PR), the optical axis (AXF) and x axis passing through 
each field are not in agreement. Then, the normal and optical axis (AXF) in a plane peak point of each 
field 0S1, S7, S8, S9) express the inclination of each field (SI, S7, S8, S9) with angle of rotation (a 
clockwise rotation is positive) accomplished by revolution centering on the zaxis. 

[0069] Angle data (degree) is shown in a table 16 and a table 17 at the associated data and the associated 
data (FNO: f number) list of conditional expression. In addition, the focal distance (£) of the whole system 
of examples 6 and 7 is a value containing the condenser lens (CL) located near the light valve (PA). 
Moreover, the Abbe number (nyd) of the value of (Ng-Nf)/(Nf-Nc) in conditional expression (4) is the value 
of 75 or more anomalous- scattering materials. 

[0070] Drawing 12 ■ drawing 2Q are aberration drawings of each example, and show the aberration 
( drawing 14 - drawing 17 ) in the optical configuration corresponding to each screen size (50 molds, 40 
molds) about examples 3 and 4. (A) among each drawing Spherical aberration (spherical aberration, mm; 
axis of ordinate^ FNO), (B) Astigmatism (astigmatic aberration, mm; axisofordinate:omegadegree), (C) 
shows distortion aberration (distortion, %\ horizontalaxis:omegadegree), and (D) shows the chromatic 
aberration of magnification (lateral chromatic aberration, mm; horizontal-axis^omegadegree). Aberration 
[ as opposed to a beam of light with a wavelength of 546nm in a thick continuous lin e and a thin 
continuous line ], aberration [ as opposed to a beam of light with a wavelength of 450nm in a long dashed 
line ], and a short dashed line are carrying out the table of the aberration over a 605nm beam of li^ht, 
respectively. Moreover, in each drawing (B), DM shows the astigmatism in a meridional side aad DS 
shows the astigmatism in a sagittal side. 
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[0088] 

[Effect of the Invention] As explained above, according to this invention, it is possible to realize a 
lightweight and small highly efficient incident light study system with an extensive field angle. And by 
using the incident light study system concerning this invention, a high definition projection image can be 
obtained and it is possible to attain light weight and thin shape ization with high definition-ization of 
rear projection equipment. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] The cross section showing the optical configuration and projection optical path of a gestalt 
(example l) of the 1st operation. 

[Drawing 2] The cross section showing the optical configuration and projection optical path of a gestalt 
(example 2) of the 2nd operation. 

[Drawing 31 The cross section showing the optical configuration (40 molds) and projection optical path of a 
gestalt (example 3) of the 3rd operation. 

[Drawing 4l The cross section showing the optical configuration (40 molds) and projection optical path in 
the case of performing inclination amendment of the image surface in the gestalt (example 3) of the 3rd 
operation. 

[Drawing 51 The cross section showing the optical configuration and projection optical path of the whole 
rear projection equipment (40 molds) which applied the gestalt (example 3) of the 3rd operation. 
[Drawing 61 The cross section showing the optical configuration and projection optical path of the whole 
rear projection equipment (50 molds) which applied the gestalt (example 3) of the 3rd operation. 
[Drawing 71 The cross section showing the optical configuration (40 molds) and projection optical path of a 
gestalt (example 4) of the 4th operation. 

[Drawing fll The cross section showing the optical configuration and projection optical path of a gestalt 
(example 5) of the 5th operation. 

[Drawing 91 The cross section for explaining the eccentric condition of the pre -group and back group in 
the gestalt (example 5) of the 5th operation. 

[Drawing 101 The cross section showing the optical configuration and projection optical path of a gestalt 
(example 6) of the 6th operation. 

[Drawing Ul The cross section showing the optical configuration and projection optical path of a gestalt 

(example 7) of the 7th operation. 

[Drawing 12l Aberration drawing of an example 1. 

f Drawing 131 Aberration drawing of an example 2. 

[Drawing 141 Aberration drawing of an example 3 (50 molds). 

[Drawing X51 Aberration drawing of an example 3 (40 molds). 

[Drawing 161 Aberration drawing of an example 4 (50 molds). 

[Drawing U] Aberration drawing of an example 4 (40 molds). 

[Drawing Ifli Aberration drawing of an example 5. 



[Drawing 191 Aberration drawing of an example 6. 
[Dra wing 201 Aberration drawing of an example 7. 

fDrawing 2l1 The mimetic diagram showing the example of a projection light preparation means. 
[Description of Notations] 
PA - Light valve 
GrF ■ Pre group 
GrR - After group 

PR ■- Prism (optical-path bending means) 
PT -- Projection light preparation means 
Gl - The 1st lens 
G2 The 2nd lens 
G3 - The 3rd lens 

G4 •- The 4th lens (the 1st focus group) 
ST - It extracts (the 1st focus group). 
G9 - The 9th lens (the 2nd focus group) 
CL Condenser lens 
AXF - Optical axis of a pre group 
AXR - Optical axis of an after group 
CP Center of rotation of a pre-group 
SC - Screen 



[Translation done.] 
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» (GrR) \z.wm&m WXfcffl 1^3 - k ^IKS* b 

HUp(GrF)tm^fc:^©^ , 7^^-5'i!'l->'XSr 

[00 3 1] *3tJfc©»«-ei;j\ *#(GrR)©#*l-hfc 
7 -i r- /</iszf (PA) "f'tL-^a V m&teti otv^, 
7^f h^uy(PA)^.6Sr^(GrR)W)t$S±3!»^-rf>-r 
rirfcit), h/Vu^'(PA)©4'^P)#tffi-r-5±3t 30 
j®^** y-v(SC){c^7Jt-r6^ itcfe5 0 -*UcJ; 

[0 0 3 2] *^c#^16c0^flSt?{i, m«f(GrR)d5^ 
^f(*t^fe^5iE^y-CDUVX$:^bT^5„ g?£ 

feilXilc^&x^* b/u&ffilE-fZZ k&X$Z> 0 r© 
fcfe, ^vXfti!c£<&$ci-5 5 £ k i>K y m 

iflS** «fc 9 u vXco^c^Mi-5 r k 

Sr^»(GrR)^ffl^5 r t f* s &Wft#5RcQ/J^31*fl; 

[00 3 3] #|Ot©»1B-CI±. lS*t3t^cO^*T*S 
Jltffi£/fl^-Ofc!gSrlfTiJ fttf 53tSS*T«3 fttf 3M££K:tt 

y 77P^x^i/ 3 >-mmv>&n% kx* y-v(s 

c) Tffill©|?jg £&/hRg{c#);L 3 tc * tc tt, ftSSiff 9 ft if 
#©tCJ: tpffH^(GrF)0^aiSrmP(GrR)^«|tcStL-C so 



10 

9 0° «±#T«?ftff5:ii: (03 : #t«J US) j^S* L 
l/\ 3tK»T!9ft(f#g;i LT^yXA(PR)Srffl^ 

St$H5^3t«H*sy V XA (PR) rt-C^KiMfefFfcJUfc-*- 
^&-C#r9ftff fens J; 5 ^-Tixtf, ^»^w^ra>js^ 

(IH8)T*tt, Jf^ilLT'y XA (PR) T-CD^SW^#*5jEjK 
tJftoT^.So #f9 31LXy XMPR)©®!^ 

Nd=l. 5168<D|§-S\ &f£3fc©£TCT>}tj8j}££=.tt®cDjfc 

mk&f8.-nt}m&4o.92 o u^mscomm^mx^m 
&mtz-tz.k&X'Zz> 0 

[0 0 3 4] *fc#IBtt©»tt<oJ:5fc» 7VV 5-^31 
^^SatffiKJfcStVfc^y XA (PR) £3t8g#r!9 ftJf # 

ztmm*WAi-z>zk&m%.L\,\ z.tnt&m-rz>m<o 

£L£M*(Dl)£}fc#iHtf£M<i-3;it£ffiU 

•ttlgSr J: U Mtb Z> z. k &X*% 3 0 
[0 0 3 5] *fc, 3tK»f!?ft(f#l9;^J;t)fflA«^)t 
S§ $r#T 9 ft If 5 k , mm (GrF) t &m (GrR) ^-c^sw^p 

#8S#T 9 fttf»fffi^SE^fa^^L#^u>Xco3fe 

M*LV\ ^Jxtf^6(D3IJSci^(|l|l o)T*tt, mr» 
(GrF) t (GrR) k (D=f& Srig (7 5 * , ^Sp (GrR) Ic: 
*J-T5Hfr»(GrF)(0^gC^S:D* s/ h LT, *P3»R 
(Ou^yCx-mm (GrF) Srfll^ U'CV'So 
[0 0 3 6] mi*(GrR)i:MW^(^lil^)i^^Sr^ 
Cfe^fi^R^cDUVX^ffl^St, g#t)t^<0U- 
>-X^ y ^SrS<i-5r t^-C*#, *fc, HtTl*(GrF)t 

y-V(SC)^i:(O^P#?rK<'fc«)^P3^0^V 
XSrll^^ y 77d^i^ v-3 

©ff^.S:{g:M-C#5o «*tfJd3<BHEtt©»tt(H5)-e 
tt» (GrF) 1 7. >7 y - V (SC) k co^Srffitt 5 
«> , ^ ^ y - ^ (SC) lC>!ti- 5 t$tt (GrF) ©^F^SB^- Sr D 
XyblsXh*). '&m(GrR)(Z>mjl&l'>XkmWm<D=i 

CO 3 v^vth U-VXic^J-T 5^1* (GrR) coft*^ U vXco 

< MHIfttcf>4:S. relief., 

VX(G1)^2 U>-X(G2)^#R^{C-f-5r 

[0 0 3 7] J9*3fc*JR©BWll!:HL-Ctt, WTco|fe# 
SS(l)Sr»fc-fii:«sa*UV\ 

48<o><60 -(I) 
co : S^iS^( 0 ), 
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[0038] *#5t(i) lt&M%^<DMc*:m-% Sr&£ 

[00 3 9] fftm (GrF) £ &3£(GrR) h <Dm<D$r 0 fi Lffi 

3<Dl/f<7 —(2) 
fcfcU 

Dl : J»r9 3SUffl**{W»(CrF)©*t>«/h*»fljoa5*> 
(GrR) (D* fc te^*^{l!|<DB^ 

f : &&om&vm. 

[0 0 4 0] ^5£(2)tt$r0SLffi*««:«£L-O* 
5. *ft5$;(2)©TPg£TlHl5i. F"*->v<— &/Jn<s< 

y-V(SC)T«©3»S«:*#<i-3££K:/j:3. &#5£ 
(2)©±pg£r±|a]5i:, ^9 5IL£fi;*§r;fi< I&^)-riS r 
3;:<!:^;:&!^ ±X^fc&#5£(l)©Jh|5g£jg;i*:i 

[0041] 'im{GTK)\zm^bft,x^z>mft9rmm 

^fefig^iE^^X^HLTH, «T©^#5£(3),S:tf(4) 
Vd>75 —(3) 

0. 52<(Ng-Nf)/(Nf-Nc)<0. 56 —(4) 

Vd : M^SttWOT s"<*C< v d) , 
Ng : ^^»«-^CDg«gfCMi-5SSf*, 
Nf : AflKMRHtto f *fc*H-*JB*r*, 
Nc : A^ftWifEfcO clStC*j-f-5®tfr*, 

[0042] £#5£(3) i: (4) fiMtt4Hftt*ft<Z)£lttc:H 
-f _ 5J$H ;! F£3i5£LT^5 0 (Ng-Nf ) / (Nf-Nc) tVd^^tl 



(7) 

12 

3iacort^l!l^cAe>'fcv^^7^-r?vd^«-r#*•5ico 
fifr&^-r (vdds 9 o sx±m) , vd*si«i-#*-r 3 m<Dtm 

fcft, ^fF^(3)S.O J (4)Srilfc$/i^t(Dtt > u^Xtfc 
[0043] M«P(GrF)^l¥(GrR) ©^SfcffiSrWrS ^ 

vx{cm ltj±, ar©*ffa(5) srWfc-t-£ t 

10 -0. 5 < -f f a/f ra < 0. 5 — (5) 

ffa : Bfr»(GrF)W^ffiS:^r-r5 ^VXOfcjSUBi, 
fra : «»(CrR)©*#BiiS:#t-5 l^vXoi^BI, 

[0 0 4 4] *#s;<5)«\ iaa^kicist'^h-rn 

SrteMi-SfcitxD, ffii¥(GrF)<D^g5=Sr^ri-5 uyx 
i^«l(GrR)ro^®Sr^ri-5 UVX t ©^gggfcDli 

flrtm<«*.tf. «^MflaHmR. iRHR^ts«rffi«) «t 

Wft^ttu-^xgas;*:^- ^ffi^w^ffi^ 

&a»^©^£(Deviation);{iS;*:#l^;: t v $»jg=j;* htfS 

[0 0 4 5] ^©fcft, 79x<?--y?tfLM<D#l£ffiU^ 
X£flH,*3©#— 5 79*?--y? l/^X© 

fcfcb-<T«TiS^K±#i,\ Sfc, fltBaRtiMR(a)£IB*r 

«t 5 fl^ss t m m m&m* e > b * m \z&m z 

>-X*5 ^ (GrF) i: (GrR) *> £ (GrR) CO 

79 x 9- v >r \s vx^s t 6. -TSS^>fbf- iSifyhf 

^*MP(GrF)(Dl O^I5^t-^5„ ^rOfc*. tu»(Gr 
F)ir^p(GrR)W^ffi^vXwJi^gg|liJtSr, fc5«5 
40 fflKlR«>35c^ti,tf*e,ft<ft5 0 ^#^(5)H^cD®SH 
*r«J£L-CV*5. ^^(SjW^rtfSHWPSftSr^^S 
i:, t&«^t^J:5 fvh-rtb*s^:#</i9i-#*-CL* 

[0 0 4 6] ^#S;(5)©TPfi^?l#±tffc«T 
»^S;(5a) Sr«|fci-ii:^!EK:»* LV\ 
-0. 3 < -f f a/f ra < 0. 5 — (5a) 

[004 7] &#^(5)©TPfi£3l£±*f5&ft£tftBJ 
-TSo Mft«]E^^im6<j{CtT5fc«). BtFW(GrF)(73^ 

bo ffiu>-X(ife±*S:ffl!)i-*5r tas»*u<» A»X!7 
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h^Q*|S]t^il)-t-5'b©i:-f-5„ &iB¥(GrR)tfV<!7- 

x-emmimm (<*)t mmmmt (An/AT)i©ff 

So 

[0 0 4 8] mmm&ma) kmmmmkd n/ m) 

KToA#S:(5b)*:»fc-rr i*sjEK:a* W\ 

-0. K-ffa/fra<0. 2 —(5b) 
[00 4 9] ^S¥(GrR){C7 p 7^^^^S!iCD^ffiU'>- 

«T©*#*(5c)Rtf(5d)Sr»fc-t-ii:*sa4UV\ * 20 
fc, *«=SC(5)©T»i:±l»Sr«ftfcri:i:IBIcaS 
T» «T«*#^:(5e)SU'(5f) SrrUfc-f-r £ l, 

«»(GrR)©#*a5U'^xf±, fflffim&<oto.tm 

fra/f>4 -(5c) 
fra/f<-4 — (5d) 
fra/f>16 —(5e) 
fra/f<-8 — (5f) 

[00 50] S£6, ft7 0Xffi<D}K1t(Bll 0. Ell 1) 30 
© i 5 fc. iSI^*J|H»#S(PT) t 7 4 h'<A^(PA) £ © 

rat- 3 yfyt- wi'X(cl) r t lv \ 

S(PT)^jlia-T5)ti»ro^U"irvNy •y^tt^trt 
&f£ftip{i¥iS:(PT) tUtPBS->-KP 

(pt) 1 7 4 h^/i^PA) t <r>miz = yrvt- i^yX(c 

L) SrtfA-fS £ t <fc 13 (r- Hr >- h y y ^ttfcUfcnS 

[005 1] &mm<DMt®<D X 5 fcl, ^P(GrR) IcWT 
^(GrRjwStllH/J^SfflSWU-vX^ 



v\ CH«^(GrR)o^ffiteS»-Bli-5^#-C-fc 
5, — /hMco^W h/Vvy(PA)cD*^B^5:S6 

%$b<Dm&frb, 5-f h^^(PA)©=&H^-o^WHl 
7^ h^/v-y(PA)©±^$*5^t|gc5^ffi:)tSr^ 

if «t 9 t>/h $ < ^5 i i 

[0 0 5 2] »»36^*©S*/h$rtHtf» *t» 
ftt7-f h (PA) iciftv > 1^ vXtc: 3Sv ^iE<o/-< 7 — Sr 

oT\ ^(GrR)©^ffi^>-Xf±St>*i/h*S{iy©U 

[0 0 5 3] JBl uyX(Gl)St)!f 2 U>X(G2)*5*tC 
^ft^N°!7— Sr^-r^^ i/yXt*)5: ir &m.%. 

LV\ mttHtrW(GrF)(Dmi , ^2 UVX(G1,G2)(D^ 
^tC||-r5^#T?$>5o «lXO!l2l/yX(Gl,G2)*5 
A/^!7-T-^pfA(a))*S4 8° EtiWSitJt^tJRKJs 
^T, l^VXftifeS:«i^i|^>i-rt^<tS^«^ 
<ftmmftirZK^ I1S^2 U>-X(G1,G2)©4 

5-t-5t-fi, 11X012 w->-X(Gi t G2)dM=^.*x 
uyXTfc5:«ifL<, »**«k«fci!!i*rlRHtft. 

y =^^7^ u-v-x-efe^ r t asjE^M* lis 

[0 0 5 4] #«ffi=Srtt5 l^yX|±X7^f uy 
Xt?fc5rti5ISU^ rtuH^ffiu^XwWJlsK- 

f^iii/yxg^ti^t, ?mmKM<r>T$mfrhv> 

^4(Deviation)^^C#V>r SSJjg = ^ h*5iSV>r 

[0 0 5 5 J ffim(GrF)<Dytms&m(,GTR)<DftmcttV 

T^SdtiSSSbVo C«J^tf|219tr^i-^5<D|tJ|W 
^© J: 5 , Ml¥ (GrF) ©3t«i (AXF) W (GrR) <D% 
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ite(AXR)}£*fL-C-f*VC:f3(3 , ^<Z>7fc«l-f *"U-&«KGrR) 

/OV? (PA) «f> -fr/^ip (GrR) tD^ttt (AXR) t)» "oiWcTfc^ 
«MSfcfco-cv*.5(BI8) 0 *©1"*i,K:J:9#*©ifc3g«: 
HtlS* (GrF) (GrR) t*H !7 is 9— WE** 

<5 fc » , mm (GrF) b &m (CrR) COJtiWi (AXF, AXR) # spff 
iBS UTE«**fCU^5 £ t ASMS U\ 
[0 0 5 61 3t^#f9ft»f#S^7 p y XA (PR) 
9 » -t©i§iiffi©d>* < £ t> 1 fid*&#(GrR) CDt£«i(AX 
R) l:»ttffi^t^5 r i: *$a* U\ £ *U±#IWr9 
(feff#iS:<k LTT'y Xiv (PR) Sr^fc XAI 
ifiiBo«#JcB8"*-**#-eife9, ^5<DHJfecD^flg(EI 
8, g|9)tt^(D^:#Sr«§fcL-Cl/^o ^yXA(PR)Sr 
ffl^53®*Ko^T fiftieth Ufciit) T**>5dSs £ "b 
l;/!)XA (PR) ©«#r® £»t 5 r i (±^^HZil=S:tt]E 

fr-f (PA) 1'^a#(GrR)'f *3&»6>i^-Ct^SfcK)» & 
:5t^Wc«li^:©fWc «t 9 * ^ y - v(SC) IcittSA 
j5c*«M-mt6*fl:^ers. ^co 
K*t<£>f£#££ It fcfeft ttttlB^ & < & 5 Mf6] as £> 5 . 

[005 7] BufS(GrF) CD^tW (AXF) W&m (GrR) W3tfS 
(AXR)t£*j-Lt\ * bu~ bZkb&KLtcb %\Z.%^tf) 
|d«^-Cl^3£. fctfSa* LV\, mttHtr»(GrF)<D>t$4 
(AXF) t^»(GrR)W3tli(AXR) iOM#fCgii-5^ftT? 
*>9, ^5©Hifec0^(lil8. W9)lZZ<DgiW*ffitc 
LTI^S. *5©HMlOJgttT»f±. 9-f h'VUO^PA)* 

(PA) *^©B«k*K:*JV ^T*a©iW4IBSr#S b , 

<£>&ffitfS— ^|6]JCP< r t{-^S 0 Btrl¥(GrF)cD7t$ft(AX 
F) (GrR) (Oft* (AXR) LTfgtt Slitio 

ttlBS:**-f « £ b S„ 

[0058] m3, wiAoymmvMmmz, em-c 
tt\ 7^ N/vi</(pa) y— xsot©^^ y— v 
(SC)&*fc;frft©i£ei§«(igE+ .fcgip) triNM$ boo, 
y— ^(SC)IM X©§lt)#tl;mL5 5 J; oK8> 

myt^mm&isivxisv . gfts^y-v-y- 
oi©^^ y— >-(sc)-y-^x(Ei5)i: 5 os©^^ y — 

>-(SC) 1r-f X(0 6 ) i cD^J 9 "NtgJcfto T 1^3. 

£ © J: 5 ft18ifc<o;* * y - >- (SO if--f X©«3 9 #jUc|gl 
U &i¥(GrR)(*3CDi&9 (ST) jfria "C3t$4t^ ft o "C^ffirf" 



(9) 

/£ 

£&P(GrR)as#^5£ t#3*LV\, 13, 14 
©HJSW^ST-tt, |g 1 7;*— 7J*i$aS|g4 UVX(G4) 

^X(G9)d^^o-C^So ^*3^2 7d--*^i¥f*, ^ 

[005 9] ^HSrf fl4tiE^"rtg/j;iK!9 (ST)Sia»ctefi 

yXWXt l ^3R *5 ft 5 (GrR) X^ < V - 

BM»(GrF)»i3t«l<Dffi#tcJ;5S 
^teB^»)^[5<DM# fc»i-*l8«as* < > BU»(Gr 
FjO^WVXtt^^t^Bx.T^ftUXll^t^SSrSff 

20 -7J^i¥f*#»^#5^!ffi?5?ft©^ti)^/>/i^- 

mx-hztzfr. m<o (sr)*»e>«xfc»-e*5ii:dsa* 

[0 0 6 0] $f,fc:rwi 5^^t?fi, 7tSSSf<9*tf# 

^i^t) (ST) t<Offl(DQffl£<0i 3 . %t<9 (ST)t!S^7t* 
«#I8;(PT)t<D[igro8gif(D*ASft<^5fcJ«7, ^27^- 
-7J*i$f±i& 1? (ST) J; 9 hm'bjU&MKiiLU-fZ Z b # 

X*SE©^ !7 - &ft-t 5 ¥ U>X (^^ $ V V ^) 
T*$>t), ^2 7^-- ^^^S^-COU^Xltfc-efctl-ff, 

V\ ^fc, I27t- 7J^^5*U>-X-C*>tl,«, 7* 

[0061] y-xso-y--<xc»^]9#^»c^L. 
^>-X£te&*coM&5ffi£'>ft< it>iB5^rt-5gijo 

u>-XiM*^^fetv5^i:*sa*bV^ f 4©Hft<D 
J^fl8(1217)T?tt, !4uyX(G4)iS$J|$}x5rtti 

9** y->'(sc)■^^-1'X(D«]9#x.^c*^Jc£;u-cv^s 0 r 
©j: 5 ?£x? y — v(so-y-^rxcD^]9#x^ic*jit5 7 

5^ffij^ft<D|gi6*^7<#v>t^5ri:T*)9, *<vm 

^i5rit7*- *^itiffif§*IIEii©/<7y 

U, ^<7)uvXSr^{c#*iitci-5r tfcj;9, 
ffifc&mmk L007 d~*^fBS*t«iflDj«*«jE* 

so [0 0 6 2] y — V(SC)1M X©^J9#^Jc:^L, 
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f5P(GrF) rtco/># < 1 1> i m<z> u-^xas, -?"CD I'VX 
t fift^CDMfc5ffi£'>fc< i t> 1 ffiWf-SSlJCD U>-X 

(I2|7)-Cli. 3 U> X (G3) sticky* 
^ y-v(sc)iM XwatjftcjfKgLtv^, rffli 
o * 7 * * Nrf- *s it 5 MP (GrF) CO So W^#ji-fkJC 
<fc3#ifll$rtfti^1-5„ l!uP(GrF)cD|BifrDafiiK9 (ST)ri> 

^S^S^ttL^ft^E^tfSjiJ^,, rcofcioigi :7;*- 
-#*pcD^irH>^vx£irmT#&^^^ftra:££^T "> 

{00 6 3] Sm(GrF)©Jt«l±»wttJ-i>Sr^f0^fc:f&o 

TW»(GrF)*siHltepriB^*^$tt-cv>5 riisgi u 
v\ 0iJ^«ri2l4^-r^3»SIJfeco^fl|coJ:5{c, MP 
(GrF) CDftflUilC'P'iMCP) &lfo^iC©oXWP(GrF) *S 

:/ yx* (TO 9ft rf 
S&Lh. HUP(GrF)i:^P(GrR)cDUVX^Sr|^^qx 20 

•r 5 r t ttfflis-efc 9 , m\zmm (GrF) t (GrR) 

H-CfcS. :icoffi#cD$§£KJ;9&nntfSffi^-CL;i;5fc 
*v tecoilxM3§££fefr»;too&BnCD«# 
l-tt. MP (GrF) (D%m±K ^(CP) £}f o fciSICjSo 
TlifjP(GrF)£fl££H]te£-tt:5 - £ ^ftjf-efcSo 
[0064] $ klCfi, BU P (GrF) ©E<E«t>*'(CP) 

£3« Sfc, &P(GrR){£tt^3^^9ftff3M&co« *3o 



t5*5, MP (GrF) co©^.!^ (CP) SrScHIW^^^^ 
tt«^b-rtU^WP(GrF)(D)t|fljl±»CB< r. t »C«fc 9 , 

s^fes-rtbtttiE-r-sr^^-cts. iot, ^p(c 
rR) «c*i~r53tK*f 9 ft if #s©ttwt*as+a-T»ftv* 

l^&lcte, -eoi 5^tt«Jc:MP(GrF)co[HHEtp.^(CP) 

[0 0 6 5] 

»fTjElc:=fM£i$k:t&9!1-3 0 r r-c^ifSJSaSMi ~7 
huxE Ufcjg 1 ~^ 7 coHJfeco^lglc^tt-eti-*!-^ L 
T*3 9, #3W£co)^IBSr^-ri211~|I|3, g|7, El 8, 
HI 1 O&tf0 1 1 «, m-f-S^HJfeMco^^Sr^^ 

[0066] fl, *3. *5, *7, *9, 
U 5 * 141:, HJfS0!l 1 ~ 7 co 3 h 7 ^ v- 3 >"r—<? 
«r*W. fcfdU *l£0ij3 tH!SM4(*5, *7)tt % 
* * y (SO 1M Xco«] •? L*:#j&l£fco 
-Cl^3fc«>v 2*^>>g ^(50^,403))©^— ^fcigllf 
T^5, &HJi£McD = h7^->3 >-f*— *te*jv> 
t s si (i=i. 2. 3, ... ) im*#&^ btfc;L-Ci# a co 

i> CRfiSaSiCOft^^dnm), Ttttt±ffiraRi(mm)5r^ 

lt*3!9. Nd, v<m:yt^mm<Ddm\z%t-fz,®ffi&,T 
f±JWTco^(AS)-c;es$4x5ffi^co#«ffi-e$,i9, * 

2, *4, *6, *8, Si 1, *1 3&U5*1 5{C, 
MMM 1 ~ 7 CD^E^-* (E-n=X 10 _n ) Sr^-f- 0 
[0 0 6 7] 



X(H) = (C0-H2)/{H-vT(i- £ .C02-H2)} + (A4-h4+A6-h6+A8-H8+A10-h1<>M12-H 
12) --(AS) 



fcfcU S;(as)«p, 

X(H) : ii5$HCOte«-CcO)ttt*I^co^{fi:l:(BnlI.^S 

H : ?t$ftlC^UTSii:^*f6]CO«$, 
CO : 5SWft33(=l/CRh 
£ : 2^ftffi/-?7^-^, 
Ai : i^CO^B5^^:(i=4. 6, 8, 10, 12) , 

[oo68] StioK, mmw 5 co^^-^ =sr^-r 0 

cofficoge«ttt£^:*S{l!iaMcoffi t co^±flD^Rg (T) 
-e^^^tt, s^^<l^Lfc*lili^cofttfe^:#^fi!lco 
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